* 

K  I 
«  I 

t 


& 


MISSOURI  -  KANSAS 


HOUGH  PARK  DAM 
COLE  COUNTY,  MISSOURI 
MO  30022 


OCTOllOit 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROOfa 


PREPARED  BY:  U.  S.  ARMY  ENGINEER  DISTRICT,  ST.  LOUIS 
FOR:  STATE  OF  MISSOURI  , -  ,  ,  — — 


for  public  rolooM  and  acdw  tti 

CBSBXORn  ■  WUBMMtmrn 


DECEMBER  1970 


■%Tt«  5 


.  '4  .. 

..  •  •  • -V:  -'X-Mm; 


’ti  *  .*•?,  '7' 


•  • 


*  vv 


„*•  *  -  Vv  -Jv 


_ UNCLASSIFIED _  ' 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (TWini  Dim  Bnltrtt 

I  REPORT  DOCUMENT ATION  PAGE 


1.  REPORT  NUMBER 


4.  TITLE  (tnd  Submit) 

Phase  I  Dam  Inspection  Report 

National  Dam  Safety  Program  j 

Hough  Park  Dam  (MO  30022) 

Cole  County,  Missouri 

7.  AUTHOR?!) 

Anderson  Engineering,  Inc. 

.^Si^John  M.  /Healy  Steven  L.  /Brady  '  (j_ 

9.  PERFORMING  OHtoANUAi  lOR  rrme  imm 

U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

II.  CONTROLLING  OFFICE  NAME  AND  AODRESS  /  . 

U.S.  Army  Engineer  District,  St.  Louis  i  / V 

Dam  Inventory  and  Inspection  Section,  LMSED-PD^ — ' 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

TC  MONITORING  AGENCY  NAME  4  AODRESSfi/  dllUltat  bom  Controlling  OlTlct) 

/  /National  Dam  Safety  Program.  Hough 

/  Park  Dam  (MO  30022),  Missouri  -  Kansas  \ 


2.  GOVT  ACCESSION  NO. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 
3.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 


Final  JTep*rt. 


iing  oRgtreport  number 


8.  CONTRACT  OR  GRANT  NUMBERfc.) 


DACWi4  3-78-C-?0l66  ! 


1 18.  DISTF 


City  Basin,  Cole  County,  Missouri. 
Phase  I  Inspection  Report.  - 


PHUUUAM  kLetfgkY.  PROJECT.  TASK 
AREA  4  WORK  UNIT  NUMBERS 


1?\C  •-  I 


rr  REPORT  DATE 

Decartf -4^78  / 

13.  NUMBER  OF  PAGES 

Approximately  50 _ 

IS.  SECURITY  CLASS,  (ol  thlt  rtport) 

UNCLASSIFIED 

IS  t.  DECLASSIFICATION/DOWNGRADING 
SCHEDULE 


Approved  for  release;  distribution  unlimited. 


1 17.  DISTRIBUTION  STATEMENT  (of  the  mb  a  tr  met  entered  In  Bloch  20,  II  different  from  Roport) 


I  19.  SUPPLEMENTARY  NOTES 


19.  KEY  WOROS  (Continue  on  reverse  aide  if  necemeery  end  Identify  by  block  number) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


M.  ABSTRACT  fCtomut  mt  rtrtrtt  N*  H  nmttttmy  tod  Idtnttty  by  block  mmbtr) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 


Hi* 


DO  .ISTt*  W73  COITION  OF  I  NOV  SB  IS  OBSOLETE 


_ UNCLASSIFIED _ 

$ ECURITY  CLASSIFICATION  OF  THIS  PAGE  fR*l  Dot  Bnltttd) 


* 

/  4 

INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PACE 


RESPONSIBILITY .  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Form  1473,  in 
all  technical  reports  prepared  by  or  for  DoD  organizations. 

CLASSIFICATION.  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 

COMPLETION  GUIDE 


General.  Make  Blocks  1,  4,  5,  6,  7,  11,  13,  IS,  and  16  agree  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 


Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 


Block  4.  Title  and  Subtitle.  Enter  the  title  in  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  English  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  fsee 
“Abstracting  Scientific  and  Technical  Reports  of  Defense-sponsored  RDT/E,  "AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  'oreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  5.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  series  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  Authorf s ).  Include  corresponding  information  from  the  report  cover.  Give  the  namefs.)  of  the  author! s)  in  conventional 
order  (tor  example,  John  R.  Doe  or,  if  author  prefers,  J .  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  Numberfs/  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  numberf a)  under 
which  the  work~reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  in-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  the  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 


Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  “Research  and  Technology  Work  Unit  Summary"  or  the  DD  Form  1634. 
"Research  and  Development  Planning  Summary,"  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address.  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ sponsoring  agency.  For  definition  see  DoD  Directive  5200.20,  “ Distribution  Statements  on 
Technical  Documents.  “) 


Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 

Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 

Block  14.  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  directly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 

Blocks  IS  Ik  ISa  Security  Classification  of  the  Report:  Declassification/Downgrading  Schedule  of  the  Report.  Enter  in  IS 
the  highest  classification  of  the  report.  If  appropriate,  enter  in  15a  the  daclaaiification/downgrading  schedule  of  the  report,  using  the 
abbreviations  for  declassification/downgredlng  schedules  listed  in  persgraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20,  "Distribution  Statements  on  Technical  Documents." 

Block  17  Distribution  Statement  (of  the  abstract  entered  in  Block  20,  if  different  from  the  distribution  statement  of  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  Distribution  Statements  on  Technical  Doc¬ 
uments." 

Block  18.  Supplementary  Notes.  Enter  information  not_included  elsewhere  but  useful,  such  as:  Prepsred  in  cooperation  with 
.  .  .  Translation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  . 

Block  19  Key  Words.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report,  and  are 
sufficiency  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  Thesaurus 
of  Engineering  and  Scientific  Terms"  (TEST),  AD-672  000,  can  be  helpful 

Block  20  Abstract.  The  abstract  should  be  a  brief  (not  to  exceed  200  words)  factual  summaiy  of  the  most  significant  informa¬ 
tion  containecTirTthe  report.  If  possible,  the  abstract  of  s  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 
rsDort°shou1d  consist  of  publicly-  releasable  information.  If  the  report  contain,  .significant  bibliography  or  literature  survey, mention 
ittiere.  For  inform  ation  on  preparing  abstracts  see  "Abstracting  Scientific  and  Technical  Reports  of  Defense-Sponsored  RDTtkE, 

AD-667  000. 


«U.S.  G.P.O.  1980-665-141/1299 


i*  HCKV  •«**•  to 


DEPARTMENT  OF  THE  ARMY 
ST.  LOUIS  DISTRICT,  CORPS  OF  ENGINEERS 
210  NORTH  12TH  STREET 
ST.  LOUIS,  MISSOURI  63101 


SUBJECT:  Hough  Park  Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Hough  Park  Dam.  It  was  prepared  under  the  National  Program  of 
Inspection  of  Non-Federal  Dams. 


The  St.  Louis  District  has  classified  this  dam  as  unsafe  because  of 
heavy  tree  growth  on  the  downstream  face,  and  excessive  seepage 
through  the  dam. 
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PHASE  I  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream : 

Date  of  Inspection: 


Hough  Park  Dam 
Missouri 
Cole  County 

Unnamed  Tributary  to  Moreau  River 
23  August  1978 


Hough  Park  Dam  was  inspected  by  an  interdisciplinary 
team  of  engineers  from  Anderson  Engineering,  Inc.  of  Spring- 
field,  Mis^puri  and  Hanson  Engineers,  Inc.  of  Springfield, 
Illinois,  ly'l'he  purpose  of  the  inspection  was  to  make  an 
assessment  of  the  general  condition  of  the  dam  with  respect 
to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life 
or  property.’  . 

'lhe  guidelines  used  in  the  assessment  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
and  they  have  been  developed  with  the  help  of  several  Federal 
and  State  agencies,  professional  engineering  organizations, 
and  private  engineers.  Based  on  these  guidelines,  this  dam 
has  been  classified  by  the  St.  Louis  District  Corps  of 
Engineers  as  an  intermediate  size  dam  with  a  high  downstream 
hazard  potential.  Their  estimate  of  the  damage  zone  extends 
4  miles  downstream  of  the  dam.  Within  the  damage  zone  are 
two  houses  and  the  Lincoln  University  farm  complex  which 
includes  eleven  buildings  and  five  silos.  The  floodplain  is 
farmed. 

\  A  '-  - 

jUtHT  inspection  and  evaluation  indicate^  that  the  com- 
bined  spillways  do  not  meet  the  criteria  set  forth  in  the 
guidelines  for  a  dam  having  the  above  size  and  hazard 
potential.  The  combined  spillways  will  pass  47  percent  of 
the  Probable  Maximum  Flood  without  overtopping.  The  Probable 
Maximum  Flood  is  defined  as  the  flood  discharge  that  may  be 
expected  from  the  most  severe  combination  of  critical  meteoro- 
logic  and  hydrologic  conditions  that  arc  reasonably  possible 
in  the  region.  The  guidelines  require  that  a  dam  of  inter¬ 
mediate  size  with  a  high  downstream  hazard  potential  pass 
100  percent  of  the  PMF .  The  combined  spillways  will  pass 
the  100-year  flood  without  overtopping. 

The  embankment  was  covered  with  trees  and  brush,  which 
should  be  removed.  Minor  erosional  areas  were  noted  and 
should  be  corrected. A  The  major  concern  was  the  seepage 
which  was  noted  on  the  downstream  face  of  the  dam  below 
approximate  elevation  126,  particularly  between  stations 
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2+15  and  3+50.  Further  investigation  of  this  condition  is 
recommended  after  the  embankment  is  cleared.  Another  deficiency 
was  the  lack  of  seepage  and  stability  analyses  comparable  to 
the  guidelines.  A  detailed  report  describing  these  deficiencies 
is  attached. 
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SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL: 

A.  Authority: 

The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of 
dams  throughout  the  United  States.  Pursuant  to  the  above, 
the  St.  Louis  District,  Corps  of  Engineers,  District  Engi¬ 
neer  directed  that  a  safety  inspection  be  made  of  Hough  Park 
Dam  in  Cole  County,  Missouri. 

B.  Purpose  of  Inspection: 

Ihe  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  a  visual  inspection  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or 
property . 

C.  Evaluation  Criteria: 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams, 
Appendix  D."  These  guidelines  were  developed  with  the  help 
of  several  federal  agencies  and  many  state  agencies,  pro¬ 
fessional  engineering  organizations,  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT: 

A.  Description  of  Dam  and  Appurtenances: 

Hough  Park  Dam  is  an  earth  fill  structure  approximately 
46.5  ft  high  and  585  ft  long  at  the  crest.  The  appurtenant 
works  consist  of  a  concrete  drop  inlet  and  corrugated  metal 
pipe  primary  spillway,  which  is  located  at  the  west  abutment 
of  the  dam,  and  an  earth  and  rock  emergency  spillway,  which 
is  located  at  the  east  abutment.  Sheet  4  of  Appendix  A 
shows  a  plan  of  the  embankment  and  spillways  and  a  typical 
section  of  the  embankment. 

B,  Location: 

The  dam  is  located  in  the  northeast  part  of  Cole  County, 
Missouri  on  a  small  tributary  of  the  Moreau  River.  The  dam 
and  lake  are  within  the  Jefferson  City,  Missouri  quadrangle 
sheet,  one  mile  south  of  Jefferson  City  (SUr  1/4  Section  19, 
lwp.  44  N,  R  11  W-latitude  38°  32.4';  longitude  92°  11.0'). 


1 


Sheet  1  of  Appendix  A  shows  the  general  vicinity  and  loca¬ 
tion  of  the  dam.  Sheet  2  shows  a  plan  of  the  immediate  area 
of  the  dam  and  lake. 

C.  Size  Classification: 

With  an  embankment  height  of  40.5  ft  and  a  maximum 
storage  capacity  of  approximately  183  acre-ft,  the  dam  is  in 
the  intermediate  size  category. 

D .  Hazard  Classification: 

The  St.  Louis  District,  Corps  of  engineers  has  clas¬ 
sified  this  dam  as  a  high  hazard  dam.  Their  estimate  of  the 
damage  zone  extends  4  miles  downstream  of  the  dam.  Within 
the  damage  zone  are  two  houses  and  the  Lincoln  University 
farm  complex  which  includes  eleven  buildings  and  five  silos. 

The  floodplain  is  farmed. 

h .  Ownership: 

The  dam  is  owned  by  the  Jefferson  City  Park  Board  and 
was  designed  by  P.  S.  Thomas,  who  now  holds  the  position  of 
Cole  County  linginecr.  1  he  Jefferson  City  Park  Board  offices 
are  located  at  1203  Missouri  Boulevard,  Jefferson  City,  Missouri 
65101. 

T.  Purpose  of  Dam: 

The  dam  was  constructed  primarily  for  recreational 
purposes . 

G.  Design  and  Construction  History: 

Construction  of  the  dam  was  completed  in  1965.  Design 
plans  are  available  and  have  been  used  to  prepare  this 
report.  The  Park  Ranger  indicated  that  the  downstream  face 
has  been  damp  since  the  dam  was  constructed.  Xo  modifica¬ 
tions  are  reported  to  have  been  made  to  the  dam. 

11.  Normal  Operating  Procedure: 

Normal  flows  will  be  passed  by  an  uncontrolled  drop 
inlet  spillway,  whereas  an  earth  and  rock  emergency  spillway 
would  come  into  operation  for  major  floods. 

1.3  PLRTINLNT  DATA: 


Pertinent  data  about  the  dam,  appurtenant  works,  and 
reservoir  arc  presented  in  the  following  paragraphs.  Sheet 
4  of  Appendix  A  is  a  plan  of  the  embankment  and  spillways 
with  a  typical  cross  section  of  the  dam. 
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A. 


Drainage  Area: 


The  drainage  area  for  this  dam,  as  obtained  from  the 
Jefferson  City,  Missouri  7  1/2'  quad  sheet,  is  equal  to 
approximately  90  acres. 

B.  Elevations  (Site  Datum): 


(1)  Top  of  dam  (measured):  Hast  end  140.3;  Center  139.5; 

(Vest  end  141.0. 

Top  of  Dam  (Design  Plans) :  139.5. 

(2)  Principal  Spillway  Crest:  Design  Plans  135.0. 

(3)  emergency  Spillway  Crest:  Design  Plans  137.5;  measured 
137.5. 

(4)  Primary  Spillway  Outlet  Pipe  Invert:  Design  Plans 
93.0;  measured  92.8. 

(5)  Pool  on  Date  of  Inspection:  Measured  135.0. 

(6)  Apparent  High  Water  Mark:  137.0  (1973-Date  Unknown). 

(7)  Streambed  at  Centerline  of  Dam:  Design  Plans  96.0. 

(8)  Maximum  Tailwater:  Unknown. 

C.  Discharge  at  Dam  Site: 

(1)  All  discharge  at  the  dam  site  is  through  uncontrolled 
spillways . 

(2)  Estimated  Discharge  Capacity  of  Principal  Spillway  at 

Top  of  Dam  (LI.  139.5):  9  cf s . 

(3)  Estimated  Total  Discharge  Capacity  at  Top  of  Dam  (El. 
139.5):  264  cfs. 

(4)  Estimated  Experienced  Maximum  Discharge  (El.  137.0-1973): 

7  cfs. 

U.  Reservoir  Surface  Areas: 

(1)  At  Principal  Spillway  Crest:  Design  Plans  11.4  acres . 

(2)  At  Emergency  Spillway  Crest  (Estimated  from  Design  Plans) : 
12.8  acres . 

(5)  At  lop  of  Dam  (Estimated  from  Design  Plans):  13.8  acres . 
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E.  Storage  Capacities: 

(1) 

At  Principal  Spillway  Crest 

:  126  acre-ft. 

(2) 

At  Top  of  Dam  (El.  139.5): 

183  acre-ft. 

P.  Reservoir  Lengths: 

(1) 

At  Principal  Spillway  Crest 
Plans):  1500  ft. 

(Estimated  from  Design 

(2) 

At  Emergency  Spillway  Crest 
Plans) :  1560  f t . 

(Estimated  from  Design 

(3) 

At  Top  of  Dam  (Estimated  from  Design  Plans) :  1600  ft 

G.  Dam: 

(1) 

Type:  Rolled  earth. 

(2) 

Length  at  Crest:  585  ft. 

(3) 

Height :  46.5  f t . 

(4) 

Top  Width:  18  ft. 

(5) 

Side  Slopes:  Upstream  3:1; 

Downstream  2.5:1. 

(0)  Zoning:  Homogeneous  silts  and  clays. 

(7)  cutoff:  Core  trench  into  bedrock  (Design  Plans) 

H.  Principal  Spillway: 

(1)  Location:  West  abutment. 

(2)  Type:  4  ft  by  4  ft  concrete  overflow  with  a  12  in. 
diameter  corrugated  metal  pipe  through  dam. 

I.  emergency  Spillway: 

(1)  Location:  Last  abutment. 

(2)  type:  Grass  covered  earth  (some  bedrock  exposed  on 
east  side)  with  a  concrete  control  section  as  shown  on 
Sheet  4  of  Appendix  A.  The  control  section  is  actually 
slightly  upstream  of  the  concrete  section  (crest  length 
at  control  is  28  ft  as  measured  in  field) . 
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SECTION  2  -  ENGINEERING  DATA 


2.1  GENERAL: 


The  only  available  report  is  a  geology  report  by  the 
Missouri  Geological  Survey  which  contains  some  shallow 
boring  information  (included  as  Sheets  1-4  of  Appendix  B  of 
this  report).  The  Technical  Specifications  for  the  project 
are  included  as  Sheets  5  through  14  of  Appendix  B.  A  dis¬ 
cussion  of  Hydrology  and  Hydraulics  design  from  the  Missouri 
Conservation  Commission  is  included  as  Sheet  15  of  Appendix 
B.  The  Design  plans  contain  a  brief  summary  of  hydrologic 
design  data  (Sheet  2  of  Appendix  A).  No  documentation  of 
construction  inspection  records  is  available.  There  are  no 
documented  maintenance  and  operation  data  to  our  knowledge. 

2.2  DESIGN: 

A.  Surveys: 

The  Design  Plans  show  the  topography  of  the  lake  and 
dam  area  (Sheets  2  and  4  of  Appendix  A) .  The  overflow  crest 
of  the  primary  spillway  was  used  as  datum  for  this  inspec¬ 
tion  (El.  135.0).  Elevations  at  other  pertinent  locations 
checked  reasonably  well  with  the  Design  Plans. 

B.  Geology  and  Subsurface  Materials: 

The  general  geology  of  the  area  indicates  a  relatively 
thin  mantle  of  loess  and  residual  soils  over  bedrock  in 
upland  areas.  Bedrock  in  the  area  is  the  Jefferson  City 
dolomite  which  is  considered  by  Missouri  Geological  Survey 
(MGS)  personnel  (see  Sheets  1  5  2  -  Appendix  B)  to  be 
"relatively  resistent  to  the  effects  of  weathering  and 
ground  water  solution." 

The  shallow  hand  auger  borings  made  by  the  MGS  in 
valley  and  valley  wall  areas  encountered  2.0  ft  to  3.5  ft  of 
silt  over  a  clay  with  gravel  and  some  boulders.  An  average 
of  6  ft  of  soil  cover  was  encountered. 

No  design  computations  are  available.  Borrow  material 
for  the  dam  was  apparently  obtained  from  core  trenches, 
channel  changes,  roadway  cuts  and  the  reservoir  area  between 
elevations  100  and  135  (see  '.technical  Specifications  - 
Appendix  B) .  The  Technical  Specifications  indicated  that 
the  embankment  materials  should  be  compacted  to  85  percent 
of  the  maximum  dry  density  as  obtained  by  the  Modified 
Proctor  Compaction  Test.  Conversations  with  Mr.  Thomas,  who 
designed  the  dam,  indicated  that  he  did  not  believe  that  any 
field  density  tests  were  taken  during  construction.  There 
is  apparently  no  particular  zoning  of  the  embankment,  and  no 
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internal  drainage  features  are  known  to  exist.  The  Design 
Plans  indicate  the  existence  of  a  core  trench  keyed  into  the 
underlying  bedrock.  No  construction  inspection  records  have 
been  obtained. 

D.  Hydrology  and  Hydraulics: 

Based  on  data  from  the  Design  Plans,  a  field  check  of 
spillway  dimensions  and  embankment  elevations,  and  a  check 
of  the  drainage  area  on  the  U.S.G.S.  quad  sheet,  a  hydro- 
logic  analysis  using  the  U.S.  Army  Corps  of  Engineers  guide¬ 
lines  was  performed  and  appears  in  Appendix  C,  Sheets  1  to 
6.  It  was  concluded  that  the  primary  and  emergency  spill¬ 
ways  combined  will  pass  47  percent  of  the  Probable  Maximum 
Flood . 

L.  Structure: 


Structural  design  computations  for  appurtenant  struc¬ 
tures  were  not  obtained.  Details  of  the  spillway  structure 
are  shown  on  the  Design  Plans  (see  Sheet  3  of  Appendix  A). 

F.  Construction : 

No  construction  inspection  data  have  been  obtained. 

The  design  engineer  indicated  that  he  was  not  aware  of  any 
field  density  testing  done  for  the  embankment. 

2.3  OPERATION: 

No  particular  operating  procedures  are  used  for  this 
unregulated  structure.  The  maximum  height  of  water  exper¬ 
ienced  appears  to  be  approximately  2  ft  above  the  primary 
spillway  crest.  The  emergency  spillway  has  apparently  never 
been  used.  The  Park  Ranger  indicated  that  the  water  in  the 
lake  is  supplemented  by  a  900  ft  deep  well  which  exists  on 
the  west  shore  line.  The  well  is  used  to  water  the  golf 
course,  and  the  overflow  is  discharged  into  the  lake.  No 
information  was  available  on  the  quantity  of  water  pumped 
into  the  lake  from  the  well. 

2.4  EVALUATION: 

No  design  computations  or  construction  records  were 
available  for  this  dam.  Thus,  the  engineering  data  available 
were  inadequate  to  make  a  detailed  assessment  of  the  design, 
construction,  and  operation. 

Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams"  were  not  available,  which  is  considered  a  deficiency. 
These  seepage  and  stability  analyses  should  be  performed  for 
appropriate  loading  conditions  (including  earthquake  loads) 
and  made  a  matter  of  record. 
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SECTION  3  -  VISUAL  INSPECTION 

3.1  GENERAL: 

The  field  inspection  was  made  on  23  August  1978.  The 
inspection  team  consisted  of  personnel  from  Anderson  Engi¬ 
neering,  Inc.  of  Springfield,  Missouri  and  Hanson  Engineers, 
Inc.  of  Springfield,  Illinois.  The  team  members  were: 

Roger  Phillips  -  Anderson  Engineering  (Instrument  Man) 

Steve  Brady  -  Anderson  Engineering  (Civil  Engineer) 

Jack  Healy  -  Hanson  Engineers  (Geotechnical  and  Structural 

Engineer) 

Gene  Wertepny  -  Hanson  Engineers  (Hydraulics  Engineer) 

3 . 2  DAM : 

The  embankment  is  covered  with  trees  and  brush  on  both 
faces  (especially  heavy  tree  growth  on  downstream  face). 

The  majorities  of  the  trees  are  2  to  5  in.  in  diameter,  with 
some  up  to  8  in.  Some  erosion  was  noted,  particularly  at 
embankment  -  abutment  contacts. 

The  downstream  face  of  the  dam  was  damp  between  stations 
2+1S  and  3  +  50.  The  wet  area  starts  10  ft  below  the  top  of 
the  dam  and  generally  includes  the  entire  face.  The  flood- 
plain  immediately  downstream  of  the  toe  was  wet  and  covered 
with  cattails.  No  evidence  of  sloughing  or  piping  was 
noted.  However,  due  to  the  heavy  tree  and  brush  cover,  it 
was  difficult  to  evaluate  this  condition.  The  park  ranger 
indicated  that  the  downstream  face  has  been  wet  since  the 
dam  was  built. 

The  horizontal  alignment  appeared  as  constructed.  No 
surface  cracking  or  unusual  movement  was  obvious.  There  was 
no  visible  rip-rap  on  the  upstream  face.  No  instrumentation 
(monuments,  piezometers,  etc.)  was  observed. 

A.  Primary  Spillway  and  Outlet: 

The  inlet  box  was  in  good  condi t ion -- no  cracking  or 
spalling  of  concrete  was  noted.  The  intake  structure  was 
surrounded  by  trees  and  brush. 

The  outlet  structure  and  pipe  was  also  in  good  con¬ 
dition.  There  was  a  heavy  growth  of  trees  and  brush  in  the 
outlet  channel  area. 
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The  emergency  spillway  is  in  good  condition  (has 
apparently  never  been  used).  It  measures  28  ft  in  width 
(plans  indicate  34.2  ft  crest)  with  3H:  IV  side  slopes.  The 
base  and  side  slopes  of  the  emergency  spillway  are  grass 
covered.  The  downstream  channel  is  overgrown  with  trees  and 
brush . 

3.3  RESERVOIR  AND  WATERSHED : 

The  immediate  periphery  of  the  lake  is  heavily  wooded 
with  moderate  slopes.  No  sloughing  or  serious  erosion  of 
reservoir  banks  was  noted. 

A  large  portion  of  the  west  and  north  portions  of  the 
drainage  area  is  golf  course.  The  east  portion  of  the 
drainage  area  is  heavily  wooded. 

3.4  EVALUATION: 

In  general,  tree  and  brush  growth  on  the  dam  should  be 
cut  and  removed  on  an  annual  basis.  The  heavy  overgrowth  of 
trees  and  brush  at  the  approach  to  the  primary  spillway  and 
in  the  discharge  channels  of  both  the  primary  and  emergency 
spillways  should  be  removed  and  maintained.  Erosional  areas 
at  dam-abutment  contacts  should  be  corrected. 

The  seepage  on  the  downstream  slope  is  difficult  to 
evaluate  in  terms  of  its  effect  on  embankment  stability,  due 
to  the  heavy  growth  of  trees  and  brush.  This  condition 
should  be  evaluated  thoroughly  by  a  qualified  engineer  after 
the  overgrowth  is  removed. 

Photographs  of  the  dam,  appurtenant  structures,  and  the 
reservoir  and  watershed  are  presented  in  Appendix  D. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES: 

There  are  no  controlled  outlet  works  for  this  dam; 
therefore,  no  regulating  procedures  exist.  The  pool  is 
controlled  by  rainfall,  runoff,  evaporation,  seepage,  and 
the  capacities  of  the  uncontrolled  spillways.  The  water  in 
the  lake  is  supplemented  by  a  900  ft  deep  well  used  to  water 
the  golf  course. 

4.2  MAINTENANCE  OF  DAM: 

Based  on  the  amount  of  brush  and  the  size  of  trees  on 
the  dam,  it  has  been  many  years  since  the  vegetation  has 
been  cut.  Apparently,  there  is  no  regular  maintenance  of 
the  dam. 

4.5  MAINTENANCE  OF  OPERATING  FACILITIES: 

No  operating  facilities  exist  at  this  dam. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  AND  AFFECT: 

The  inspection  team  is  unaware  of  any  existing  warning 
system  for  this  dam. 

4.5  EVALUATION: 

Apparently,  no  particular  operational  or  maintenance 
procedures  exist  for  this  dam.  Tree  and  brush  growth  should 
be  removed  from  the  dam  on  a  yearly  basis.  The  approach  to 
the  primary  spillway  and  the  outlet  areas  of  both  the  primary 
and  emergency  spillways  should  be  cleared.  Erosional  areas 
at  abutment-dam  contacts  should  be  repaired  and  maintained.  The 
use  of  riprap  to  prevent  future  erosion  in  these  areas  is  a 
possibility. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES: 

A.  Design  and  Experience  Data: 

Based  on  the  information  on  the  Design  Plans,  a  field 
check  of  spillway  dimensions  and  embankment  elevations,  and 
a  check  of  the  pool  and  drainage  areas  from  the  U.S.G.S. 
quad  sheet,  a  hydrologic  analysis  using  U.S.  Army  Corps  of 
Engineers  guidelines  was  performed  and  appears  in  Appendix 
C,  Sheets  1  to  6. 

B.  Visual  Observations: 


The  inflow  structure  and  outlet  pipe  for  the  primary 
spillway  appear  in  good  condition.  Both  the  approach  and 
outlet  areas  should  be  cleared.  The  earth  emergency  spill¬ 
way  is  in  good  condition.  The  outlet  channel  of  the  emer¬ 
gency  spillway  should  be  cleared.  The  emergency  spillway 
has  apparently  never  come  into  service. 

No  facilities  are  available  to  draw  down  the  pool.  The 
primary  spillway  is  located  on  the  west  abutment,  and  the 
emergency  spillway  is  located  on  the  east  abutment.  Spill¬ 
way  releases  would  not  be  expected  to  endanger  the  integrity 
of  the  dam. 

C.  Overtopping  Potential: 


Based  on  the  hydrologic  and  hydraulic  analysis  as 
presented  in  Appendix  C,  the  combined  primary  and  emergency 
spillways  will  pass  47  percent  of  the  Probable  Maximum 
Elood.  The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  com¬ 
bination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  recommended 
guidelines  from  the  Department  of  the  Army,  Office  of  the 
Chief  of  Engineers,  require  that  this  structure  (inter¬ 
mediate  size  with  high  downstream  hazard  potential)  pass  100 
percent  of  the  PMF,  without  overtopping.  The  structure  will 
pass  a  100-year  frequency  flood  without  overtopping. 

The  routing  of  the  PMF  through  the  spillways  and  dam 
indicated  that  the  dam  will  be  overtopped  by  0.68  ft  at 
elevation  140.18.  The  duration  of  the  overtopping  will  be 
2. 58  hours  and  the  maximum  outflow  will  be  1572  cfs.  Fifty 
percent  of  the  PMF  will  overtop  the  dam  by  .13  ft  with  a 
duration  of  overtopping  of  .42  hours  an'  a  maximum  outflow 
of  511  cfs . 
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SECTION  6  -  STRUCTURAL  STABILITY 


U  EVALUATION  OF  STRUCTURAL  STABILITY: 

A.  Visual  Observations: 

Visual  observations  which  could  adversely  affect  the 
structural  stability  of  this  dam  are  discussed  in  Sections 
3.2  and  3.4.  If  left  unchecked,  tree  growth  and  the  erosion 
at  abutment-dam  contact  areas  could  cause  stability  problems 
in  the  future.  The  main  concern  is  the  seepage  through  the 
dam  between  stations  2+15  and  3+50.  This  condition  should 
be  evaluated  thoroughly  after  the  embankment  is  cleared  as 
recommended  in  Section  3.4. 

B.  Design  and  Construction  Data: 

No  design  or  construction  data  relating  to  the  struc¬ 
tural  stability  of  the  dam  were  found.  Our  site  inspection 
indicated  that  the  side  slopes  and  berm  widths  are  as  shown 
on  the  Design  Plans.  The  Technical  Specifications  (Appendix 
B-Sheets  5  through  14)  require  that  embankment  materials  be 
compacted  to  85  percent  of  the  maximum  dry  density  as  obtained 
by  the  Modified  Proctor  Compaction  Test,  ASTM  D-1557.  How¬ 
ever,  we  were  told  by  the  designer  that  he  was  not  aware  of 
any  field  density  tests  being  made  during  construction. 

C.  Operating  Records: 

No  appurtenant  structures  requiring  operation  exist  at 
this  dam. 

u.  Post-Construction  Changes: 


To  our  knowledge,  no  post-construction  changes  have 
been  made. 

L.  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  1,  which  is 
historically  the  least  active  zone  in  terms  of  occurrence 
and  magnitude  of  earthquakes.  The  seismic  loading  pre¬ 
scribed  for  zone  1  is  generally  not  critical  for  a  well- 
constructed  earth  dam  of  this  size.  However,  considering 
the  lack  of  field  density  control  during  construction  and 
the  possible  weakened  condition  of  the  embankment  due  to 
seepage  pressures,  it  is  recommended  that  the  prescribed 
zone  1  seismic  loading  be  applied  in  the  stability  analyses 
recommended  in  Sections  2.4  and  7.2. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT: 

A.  General: 

This  Phase  I  inspection  and  evaluation  should  not  be 
considered  as  being  comprehensive  since  the  scope  of  work 
contracted  for  is  far  less  detailed  than  would  be  required 
for  an  in-depth  evaluation  of  dams.  Latent  def iciencies , 
which  might  be  detected  by  a  totally  comprehensive  inves¬ 
tigation,  could  exist. 

b.  Safety: 

Several  items  were  noted  by  the  inspection  team  during 
the  visual  inspection  which  should  be  corrected  or  controlled. 
These  items  include  seepage,  trees  and  brush  and  some  erosion 
at  dam-abutment  contacts.  The  extent  of  the  seepage  item 
can  be  better  assessed  after  the  trees  and  brush  have  been 
removed.  The  stability  of  and  seepage  conditions  on  the 
cleared  downstream  slope  should  be  investigated  and  analyses 
made  by  an  engineer  experienced  in  design  of  dams. 

The  dam  will  be  overtopped  by  flows  in  excess  of  47 
percent  of  the  Probable  Maximum  Flood.  Overtopping  of  an 
earthen  embankment  could  cause  serious  erosion  and  could 
possibly  lead  to  failure  of  the  structure.  The  structure 
will  pass  a  100-year  frequency  flood. 

C.  Adequacy  of  Information: 

The  conclusions  in  this  report  were  based  on  review  of 
the  Design  Plans,  the  geologic  report  prepared  by  the 
Missouri  Geological  Survey,  the  performance  history  as 
related  by  others,  and  visual  observation  of  external 
conditions.  The  inspection  team  considers  that  these  data 
are  sufficient  to  support  the  conclusions  herein.  Seepage 
and  stability  analyses  comparable  to  the  requirements  of 
the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency. 

D.  Urgency: 


The  remedial  measures  recommended  in  paragraph  7.2 
should  be  accomplished  in  the  near  future.  If  these  items 
are  not  corrected  and  if  good  maintenance  is  not  provided, 
the  embankment  condition  will  continue  to  deteriorate  and  it 
could  become  serious  in  the  future. 
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Necessity  for  Phase  II: 


The  recommended  further  investigation  of  the  seepage 
and  stability  conditions  discussed  in  Section  7.2  is  con¬ 
sidered  absolutely  necessary  and  should  be  accomplished 
by  the  owner  in  the  near  future.  A  Phase  II  inspection 
is  not  recommended. 

F.  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  1,  which  is 
historically  the  least  active  zone  in  terms  of  occurrence 
and  magnitude  of  earthquakes.  The  seismic  loading  pres¬ 
cribed  for  zone  1  is  generally  not  critical  for  a  well- 
constructed  earth  dam  of  this  size.  However,  considering 
the  lack  of  field  density  control  during  construction  and 
the  possible  weakened  condition  of  the  embankment  due  to 
seepage  pressures,  it  is  recommended  that  the  appropriate 
earthquake  loads  be  applied  in  the  seepage  and  stability 
analyses  as  recommended  in  Section  2.4. 

7.2  REMEDIAL  MEASURES: 

The  following  remedial  measures  and  maintenance  pro¬ 
cedures  are  recommended  and  should  be  supervised  by  a 
professional  engineer  experienced  in  the  design  and  con¬ 
struction  of  dams: 

(1)  Iree  growth  on  the  upstream  and  downstream  slope  of 
this  dam  is  considered  a  deficiency.  These  trees 
should  be  removed  under  the  guidance  and  direction 

of  competent  engineering  supervision.  Indiscriminant 
clearing  methods  could  jeopardize  the  safety  of  the 
dam.  Cut  the  trees  and  brush  around  the  entrance  to 
the  primary  spillway  to  prevent  restrictions.  The 
outlet  areas  for  both  the  primary  and  emergency  spillways 
should  be  cleared. 

(2)  Correct  the  minor  erosion  activity  at  embankment- 
abutment  contacts  and  place  riprap  in  these  areas  to 
minimize  erosion  in  the  future. 

(3)  The  seepage  condition  on  the  downstream  slope  should  be 
investigated  thoroughly  after  the  slope  is  cleared. 
Seepage  and  stability  analyses  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  dams.  The  results  of  these  analyses 
should  be  used  to  design  appropriate  corrective  measures. 

(4)  A  detailed  inspection  of  the  dam  should  be  made  at 
least  every  5  years  by  an  engineer  experienced  in  the 
design  and  construction  of  dams.  More  frequent  in¬ 
spections  may  be  required  if  slides,  seeps,  or  other 
items  of  distress  are  observed. 
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LAKE  SITE,  JEFFERSON  CITY  PARK  BOARD,  COLE  COUNTY,  MISSOURI 

.  •  ■  The  lake  alto  proposed  for  the  Jefferson  City  Park  Board  ic  located  in 
the  southwestern  1/4,  sec.  19,  T.  44  N.,  R.  11  W.  The  lake  la  planned  for  a 
southward  draining  intermittent  stream  with  gently  sloping  banks  covered 
by  shallow  soil.  Bedrock  is  exposed  along  the  stream  channel  and  crops  out 
along  the  slopes  of  the  adjoining  valley.  The  drainage  area  is  timbered  for 
the  most  part  except  for  the  codded  Hough  golf  course  in  the  upper  reaches  of 
the  valley. 

Bedrock  which  is  cxpoced  for  almost  the  entire  length  of  the  stream 
chennal  in  the  lake  site  area  is  the  Jefferoon  City  dolomite.  Dolomite  is 
6irallcr  to  llmcstono  but  has  a  greater  percentage  of  magnesium  in  re  lotion 
to  calcium.  The  Jefferson  City  formation  has  firm  even  layered  bedrock  and  le 
relatively  rcsl6tcnt  to  the  effects  of  weathering  and  groundwater  solution. 

The  durability  of  the  Jefferson  City  rock  is  well  indicctcd  in  the  lake 
6ite  area  inasmuch  cs  the  bedrock  peroictc  nt  or  nerr  the  surface  along  the 
valley  slopes  as  well  as  in  the  stream  channel.  No  evidence  of  water  loss 
hazards  such  as  fissures  or  caves  were  present,  These  features  arc  not  typical 
of  the  Jefferson  City  formation  and  the  bedrock  at  the  lake  site  area  is  there¬ 
fore  considered  to  be  excellent  for  the. proposed  lake  site. 

Only  one  particular  hazard  in  relation  to  bedrock  is  apparent  ut  the  site. 
,  Thia  hazard  will  be  found  along  the  center  lino  of  the  dam  where  bedrock  Is  un- 

r- 

.  covered  for  the  core  trench.  Tho  surficlal  layers  of  bedrock  generally  are 
affected  by  weathering.  Therefore,  snail  but  poroistent  narrow  openings 
between  rock  beds  may  extend  for  a  depth  of  s  few  Inches  or  perhaps  a  foot  or 
more  below  the  weathered  surface  of  the  bedrock.  If  this  loose  wcatherod  rock 


r 
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Is  not  removed ,  voter  seepage  via  these  weathered  openings  may  .educe  the 
lake  level  below  that  which  is  deoired.  Therefore,  particular  attention 
should  be  given  to  the  removal  of  all  weathered  fragments  of  dolomite  so 
that  the  earthen  core  can  be  concreted  onto  fresh,  firm,  tightly  bodded  rock. 

Auger  borings  dong  the  center  lino  of  the  dam  as  well  cn  upstream  in 
the  lake  area  indicate  that  the  soil  cover  io  relatively  shallow  with  cn 
overage  thickness  of  6  feet.  However,  a  thicker  cover  of  soil  may  exist 
along  tho  eeatern  flank  of  the  volley  slope  where  remnantn  of  a  volley 
terraco  ore  present,  Borrow  for  the  dam  sito  can  be  obtained  within  the  lake 
sirea  Inasmuch  as  the  Jefferson  City  bedrock  eppearo  relatively  watertight. 
However,  if  it  io  possible,  at  least  one  foot  of  relatively  watertight  clay 
should  bo  loft  over  tho  bedrock. 

In  cn  overall  estimate  of  the  lake  oito  the  bedrock  is  idoal  from  the 
standpoint  of  water  impoundment.  However,  this  i3  Judged  only  from  field 
observations  inosrauch  no  test  holes  vera  not  drilled  into  bedrock  or 
pressure  testing  woo  not  performed.  Thorcfore,  while  it  io  considered  a 
suttoble  geologic  setting  for  c  lake  site,  one  must  remember  that  uator 
irapoundnent  in  cn  crea  underlain  by  bedrock  docs  imply  coma  hazards  even 
though  c  failure  my  be  remote. 


Janes  H.  Williams 
Missouri  Geological  Survey 
November  4,  1963 
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AUGUR  HOLES  AT  THE  JEFFERSON  CITY  PARK  LOARD  LAKE  SITE 


Hole  0  Pino  00 t 

0  -  2'  j 

2'  -  5 1 3" l 


lfrlg  l  plus  00 t 

0  -  3'6": 

3' 6"  •  6'4"» 


Hole  2  plus  00: 

♦  > 

0  -  3 ' 6" l 
3' 6"  -  5' t 


5*  *  7'l 
7'  -  9'6"i 

Hole  3  pIuo  00 t 

0  -  4'  j 

*  f 

4'  -  6*4" l 

Eol*  3  nluo  50 t 
0  -  4'i 

4'  -  0*3" i 

O'  -  41 : 


Loam,  eilt,  yellow  brown,  dry  end  floury. 

Lorn,  clny,  brown,  dry  end  firm.  Hole  bottomed  ot 
5*3"  on  dolomite. 


Loem,  Gilt,  yellow  brown ,  floury  cud  dry. 

Loca,  cloy,  yellow  brown,  firm  ;v.\d  dry.  Moisture 
incrcaoo  ct  4  foot  but  below  optiiaura.  Hola  bottomed 
ot  6'4"  on  dolomite. 


I/jrn,  oilt,  yellow  brown ,  floury  end  dry. 

Clry,  ollty,  yollow  brown,  noictura  below  optimum, 
firm.  Fodders  at  5  foot.  Sample  taken  rt  4  foot 
depth. 

Loam,  cloy,  with  chert  fragnento,  yellow  brown,  firm. 
Loam,  clay,  yellow  br cm,  firm,  moisture  incrcoce  but 
below  optimum.  Materiel  ntniler  to  4  foot  sample. 
Hole  bottomed  et  9' 6"  on  dolomite. 


Loam,  grovel  with  chert  boulders,  lcooe,  permeable, 
low  denoity. 

Sandy  clay  lorm,  dr.rk  brown,  noicturc  below  optimum 
but  not  er.cecoivcly  dry.  Scattered  bouldcro.  Moleture 
increoee  to  optimum  at  2  feet  above  bedrock.  Hole 
bottomed  on  dolomito  at  6'4" . 


Loom,  gravel,  with  chert  eeuldor  concentration  rt 
4  fact,  loose ,  lew  density. 

Erndy  clny  loam.  Iblc  bottomed  ct  O' 3”  on  acnd6tone. 


Loam,  Gilt,  yellow  brown,  floury  end  dry.  Boulder  at 
3'G",  Hole  bottomed  ct  4  feet  ou  dolomite. 
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Located  on  nose  of  terrace 


0  -  3'6" l 
3' 6"  -  9*6" t 
9'6"  •  11': 
11'  -  13*  : 


Loam,  slit,  floury  nnd  dry. 

Cloy,  brown,  firm  end  dry. 

Loam,  clay,  gravelly,  brovm  and  £Lrm,  Sampled  ot  10*. 
Clay,  dark  red,  firm,  moiGturc  Increased  to  slightly 
below  optimum,  fat.  Sampled  from  bottom  of  ougor 
at  13'.  Bottomed  at  13  feet  on  dolomite. 


Hols  5  nlua  50 t 

t 

0  -  3'6"t  Clay,  brown,  gravelly,  with  angular  chert  fragmenta. 

3'6"  •  5'l"l  Loom,  clay,  gravelly,  with  chert  boulders.  Scmplcd 
at  4  feet.  Bottomed  at  3  feet  l  Inch  on  dolomite. 


Following  3  holes  arc  borrow  auger  prospecto,  all  borrow  holes  were 
located  at  approximately  25  feet  in  elevation  above  the  valley  floor  st  the 
das  alto.  Borrow  holes  were  drilled  in  a  line  along  the  weotern  valley  slopo 
and  extend  to  about  500  feet  upotrenm  from  the  center  lino. 


Borrow  Hole  A:  approximately  150  feet  north  of  center  line  on  western 
valley  slopo,  and  25  feat  elevation  above  station  3  plus  00. 

0  -  2*1 
2*  -  4'  i 
4*  -  7’ I 


Borrow  Hole  B:  loentod  on  weotern  valley  elope  25  feet  elevation  above 
station  3  plus  00  end  330  feet  north  of  center  lino. 


Silt,  light  brown,  floury  and  dry. 

Clay,  silty,  brovm,  firm  end  dry.  Sampled  at  4  feet. 
Clay,  cilty,  bro’wn,  firm,  alight  moicturc  incrcnoe. 
Boulder  at  6  feet.  Sampled  at  7  feet.  Bottomed  nt 
7  feet  on  dolomite. 


0  -  2' s 
2V  -  4' : 

4'  -  5'0"» 


Loan,  silty,  yellcw  brovm,  dry  and  floury. 

Clay,  silty,  brown,  firm  nnd  dry,  Boulder  st  4  feet. 
Sampled  at  4  feet. 

Clay,  gravelly  with  chert.  Bottomed  at  5  feet  8  incheo 
on  dolomite. 


Borrow  Hole  Ct  located  on  western  valley  olopc  25  feet  elevotion  above 
station  3  plus  00  and  480  feet  north  of  center  line. 


0  -  2' l  Loc.n,  silty,  yellow  brcrwn  floury  end  dry. 

2*  -  6' t  Clay,  silty,  brovm,  dry  and  firm.  Boulder  at  4  feet. 

Sampled  ct  4  feet.  Hole  bottomed  at  6  feet  on 
dolomite . 


James  H,  Williams 
Missouri  ecological  Survey 
llovember  4,  1963 
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TECHNICAL-  SPECIFICATION  NO.  1 
EARTHWORK 
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DESCRIPTION: 

Earthwork  shall  consist  of  all  clearing  and  grubbing,  and  hedge  removal 
required  lor  construction  and  development,  Excavation  for  roadway  and 
drainage  ditches,  emergency  spillways,  borrow  pits,  all  structures, 
excavation  for  placing  primary  spillway  boxes  and  pipes,  excavation  for 
core  trenches,  earth  fills,  sub-grade  preparation,  finishing  and  all  work 
hereinafter  set  forth. 


CLEARING: 

l-l.  GENERAL  :  Clearing  shall  consist  of  the  removal  to  the  ground 
surface  of  all  trees,  down  timber,  stumps,  snags,  and  any  other  woody 
material  having  a  diameter  of  three  (3)  inches  or  more.  Except  that 
aome  large  trees  shall  be  left  in  place  as  directed  by  the  engineer.  The 
engineer  will  clearly  mark  the  trees  to  be  left  in  place.  The  diameter  of 
standing  trees  will  be  measured  at  eighteen  (18)  inches  above  the  ground. 


The  contractor  shall  clear  the  lakebed  below  elevation  135.00  except  for 
trees  selected  by  the  engineer  to  remain  standing.  Other  miscellaneous 
clearing  as  required  for  construction,  or  as  specified  by  the  engineer, 
may  bo  necessary.  Safe  clearing  and  disposal  methods  shall  be  used  to 
prevent  damage  to  trees  left  in  place,  and  all  other  privately  owned,  or 
ii-jhlicly  owned  property .  The  products  of  the  clearing  shall  be  piled  and 
burned,  or  buried  with  at  least  one  foot  of  cover.  Unburned  and  partially 
'.turned  debris  shall  be  buried.  All  holes  resulting  from  the  removal  of 
trees  or  stumps,  shall  be  filled  and  the  ground  leveled. 

•  *2.  CLEARING  FOR  STRUCTURES:  Clearing  for  structures  shall  ‘ 
t'«»  as  In  Paragraph  1-1,  except  that  all  brush  and  trees  shall  be  removed 
regardless  of  diameter.  Products  from  the  operation  of  clearing  for 
structures  shall  be  disposed  of  as  set  out  in  Paragraph  1-1,  or  as  noted 
vn  Ut«  plans. 

1-J.  METHOD  OF  MEASUREMENT:  Areas  ta  be  cleared  shall  be  as 
oh  out  In  these  specifications,  as  shown  on  the  drawings,  or  as  required 
*'»  die  engineer.  General  clearing  and  clearing  for  structures  will  not  be 
•rpnroted  for  payment  under  this  contract;  but  the  area  indicated  for  clearing 
•boll  include  both  items. 

1-4.  UASIS  OF  PAYMENT:  Payment  will  be  made  under;  Item  l-A 
CLEARING  ;  Lump  Sum. 

»  .NUOHING 

1-5.  DESCRIPTION:  Grubbing  shall  consist  of  the  removal  and  disposal 
"f  nil  stumps,  three  (3)  inches  in  diameter  or  more;  roots  of  one  (1)  inch 
tinmotor  or  more;  and  partly  buried  logs  or  other  woody  material  of 
comparable  size,  to  a  depth  of  three  (3)  feet  below  the  natural  ground 
linn  In  areas  where  structures  are  to  be  constructed,  or  to  a  depth  of 
•»'»«  (1)  loot  below  the  natural  ground  line  in  other  areas. 
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(drubbing  shall  be  performed  between  slope  stakes  for  cuts  and  embank¬ 
ments,  and  on  areas  designated  as  borrow  pits;  but  only  to  the  extent 
noted  on  the  plans  or  as  specified  by  the  engineer.  Products  from  the 
grubbing  operation  shall  be  disposed  of  as  outlined  in  Clearing  Specification 
I- 1,  or  as  noted  on  the  plans,  All  holes  resulting  from  !he  grubbing 
operations  shall  be  filled  and  the  ground  leveled. 

1-6.  METHOD  OF  MEASUREMENT:  Areas  to  be  grubbed  shall  be 
as  indicated  on  the  drawings  or  as  required  by  the  engineer. 

1-7.  BASIS  OF  PAYMENT:  No  direct  payment  will  be  made  for  this 
item,  but  shall  be  considered  as  included  in  the  price  bid  for  other  items. 

EARTHFILL 

1-8.  DESCRIPTION:  Work  covered  by  this  specification  consists  of 
performing  all  the  excavation,  placing  and  other  operations  in  connection 
with  the  construction  of  :  Embankments  for  earthfills,  as  shown  on  the 
plans,  as  herein  specified  and  as  directed  by  the  engineer.  For  these 
specifications,  the  term  embankment  shall  mean  the  earthfill  portion  of  a 
dam,  the  back-fill  portion  of  the  core  trench,  road  fills,  or  any  other 
fills  so  designated. 

1-9.  MATERIAL:  Material  for  earthfills  shall  be  obtained  from  borrow 
pits  within  the  lakebed,  core  trenches,  channel  changes,  and  roadway 
cuts.  Material  must  be  suitable  and  approved  by  the  engineer  during 
excavation.  Material  must  be  free  from  sod,  roots,  brush,  stones  over  two 
(2)  inches  in  diameter,  where  compacted  by  hand  or  mechnical  tamper, 
stones  over  six  (6)  inches  in  diameter  where  compacted  by  sheeps-foot 
roller,  and  from  any  bther  objectionable  material  which  in  the  opinion  of 
the  engineer  will  not  produce  the  desired  compaction.  Frozen  materials 
shall  not  be  placed  in  the  fill ,  nor  shall  the  fill  materials  be  placed  on  a 
frozen  foundation. 

Borrow  pits  within  the  lakebed  shall  be  confined  to  that  area  lying  be¬ 
tween  elevation  100.0  and  elevation  135.0.  The  contractor  will  be  re¬ 
quired  to  leave  eighteen  (18)  inches  of  earth  overburden  over  all  rock 
within  the  lakebed.  Slopes  of  borrow  areas  within  the  lakebed  shall  not 
slope  more  than  one  and  one-half  horizontal  to  one  vertical  between 
elevation  130.0  and  elevation  135.0. 

Excavation  from  the  core  trench,  emergency  spillway,  and  drainage  ditches, 
it  considered  suitable  shall  be  used  in  forming  embankments  as  directed  by 
the  engineer.  Material  used  for  filling  the  excavated  core  trench,  shall  be 
aolectod  from  the  most  desirable  material  available  as  directed  by  the 
engineer . 

I- 10.  PREPARATION  OF  FOUNDATIONS:  The  area  upon  which 
earthfill  will  be  placed  shall  be  stripped  of  all  vegetation,  roots,  sod,  or 
any  other  objectionable  material  to  a  depth  of  approximately  twelve  (12) 

Int  hc«3 . 

T ho  Inundation  for  the  core  trench  sfiall  be  prepared  with  extreme  care  and 
caution.  The  contractor  will  be  required  to  remove  all  weathered  fragments 
ol  dolomite  or  rock,  so  that  the  earthen  core  can  be  compacted  unto  fresh, 
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firm,  tightly  bedded  rock.  The  contractor  will  be  required  to  obtain  the 
approval  of  the  engineer  for  all  prepai  ed  foundations,  prior  to  the  time 
of  placement  of  any  earthen  materials  within  the  core  trench  or  other 
earthfills . 

Material  stripped  from  the  embankment  area  shall  be  stock  piled  and  used 
to  spread  on  the  slopes  of  embankments  or  cu.ts,  as  a  dressing  or  top 
soil.  Areas  to  be  stripped  must  be  well  disked  before  the  stripping  operation. 
Disking  shall  be  carried  out  to  the  extent  necessary  to  cut  up  sod  or  other 
vegetable  matter,  so  as  to  prevent  balling  up  when  spread,  and  permit  the 
placing  and  finishing  of  a  reasonably  uniform  layer  on  slopes  or  other 
surfaces  as  designated  an  the  plans,  or  directed  by  the  engineer.  A  part 
of  this  strip  material  may  also  be  used  for  filling  old  channels  and  etc.,  if 
specified  on  the  plans  or  directed  by  the  engineer.  Material  to  be  used  for 
dressing  shall  be  stock  piled  by  the  contractor  whe-e,  and  in  any  manner 
acceptable  to  the  engineer. 

After  stripping  processes  have  been  completed  and  just  prior  to  placing 
fill  material,  except  in  core;  the  foundation  area  shall  be  scarified,  plowed, 
or  broken  up  to  a  depth  of  approximately  six  (6)  inches.  Any  unsuitable 
material  exposed  by  this  operation,  such  as  sand  or  muck  deposits,  shall 
be  removed  and  disposed  of  as  directed  by  the  engineer.  Cost  of  preparing 
the  foundation  as  outlined  above,  and  disposal  of  strip  material  as  noted 
or  as  shown  on  the  plans  shall  be  included  in  the  price  bid  for  earthfill. 

1-11.  PLACING  AND  SPREADING  MATERIAL:  The  placing  and 
spreading  of  fill  material  shall  be  started  at  ihe  lowest  part  of  the  section 
under  construction;  unless  otherwise  authorized  by  the  engineer.  And  the 
•  III  carried  up  in _  horizontal  layers  of  not  over  eight  (8)  inches  in  thick¬ 
ness.  Where  possible,  these  layers  shall  extend  over  the  full  area  of  the 
fill.  The  distribution  and  gradation  of  materials  throughout  the  fill  shall  be 
such  that  there  will  be  no  lenses,  pockets,  streaks,  or  layers  of  material 
differing  substantially  in  texture  or  gradation  from  the  surrounding  material . 
Earth  fills  shall  not  be  placed  against  a  slope  that  is  steeper  than  one 
horizontal  to  one  vertical,  except  as  shown  on  the  plans,  or  as  specified 
by  the  engineer. 

Sufficient  work  shall  be  performed  on  the  top,  side  slopes,  and  berms  of 
embankments,  so  that  such  slopes  will  be  left  in  a  neat  and  workman  like 
condition,  true  to  limits,  lines  and  elevations  shown  on  the  plans.  Borrow 
pits  above  pool  elevation,  if  any,  must  be  left  in  a  workman  like  condition, 
free  to  drain,  with  back  slopes  not  steeper  than  two  and  one-half  horizontal 
to  one  vertical,  smooth  and  uniform.  Embankments  should  be  free  to  drain 
during  the  stages  of  construction. 

Equipment  driveways  on  fill  which  may  become  smooth  and  hard  during  fill 
construction,  may  be  ordered  scarified  before  additional  material  is  placed 
on  same,  if  considered  necessary  by  the  engineer. 
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1-12.  COMPACTION:  The  contractor  shall  furnish  and  operate  the 
necessary  types  and  kinds  of  equipment  to  perform  the  operations  re¬ 
quired  to  obtain  the  compaction  specified  herein,  for  all  earthfills  placed 
in  the  construction  processes  under  this  contract.  The  equipment  shall 
be  in  good  working  order  and  shall  be  of  the  capacity,  weight,  and/or 
power  necessary  to  perform  the  required  operations  in  a  workman  like 
manner  and  produce  satisfactory  progress  in  construction.  Af  t  e  r  each 
layer  of  fill  material  has  been  placed,  spread  and  contains  the  required 
moisture  content  specified,  it  shall  be  compacted  by  passing  the  necessary 
equipment  over  the  entire  surface  of  the  layer  a  sufficient  number  of  times 
to  obtain  not  less  than  eighty  five  percent  (857c)  of  maximum  dry  density.) 

Densities  of  compacted  fill  will  be  determined  by  comparing  field  density, 
to  density  obtained  by  compacting  the  same  type  of  soil  in  a  laboratory  by 
modified  proctor  test.  In  no  case  shall  the  field  density  be  less  than  eighty 
llvo  (percent  (857/)  of  the  maximum  dry  density. 

1-13,"  METHOD  OF  MEASUREMENT:  Measurement  of  quantities  for 
payment  will  be  computed  from  the  plotted  cross  sections  shown  in  the  plans, 
are  from  actual  sections  taken  at  the  completion  of  fill  as  determined  by  the 
engineer.  Cross  section  areas  will  be  computed  from  a  plane  twelve  (12) 
inches  below  the  original  ground,  in  order  to  allow  for  replacement  of  the 
materials  required  to  be  removed  during  strippdng  operations.  Volume  of 
earth  fill  in  cubic  yards  will  be  determined  by  the  average  end  area  method. 

The  end  area  shall  include  the  area  of  the  core  trench,  as  shown  on  the 
plans,  and  back  fill  required  fo  fill  the  core  trench  will  be  considered  as 
earth  fill .  If  during  construction ,  it  is  considered  advisable  by  the  engineer, 
to  either  lower  or  raise  the  grade  line  of  the  core  Tench  from  that  shown 
on  the  plans;  end  areas  will  be  adjusted  accordingly  on  the  basis  of  a  ten 
(10)  foot  bottom,  and  side  slopes  of  one  vertical  to  one  horizontal.  The 
core  trench  will  not  be  cross  sectioned  before  being  back  filled  and  the 
volume  of  material  required  to  fill  the  core  trench  will  be  computed  from 
the  cross  sections  on  the  above  described  section  at  the  final  grade  as 
established  by  the  engineer  for  the  core  trench. 

1-14.  BASIS  OF  PAVMENT :  Payment  will  be  made  at  the  contract 
price,  per  cubic  yard  for  earth  fill  in  place,  and  shall  include'  all  fill  re¬ 
quired  to  replace  that  area,  required  to  be  stripped  in  the  preparation  of 
the  foundation,  dam  site  fill  and  core  trench  fill,  but  shall  not  include 
approach  fills  or  back  fills  made  necessary  by  additional  excavation  made  by 
the  contractor  for  his  own  convenience.  Payment  will  be  made  under  Item 
1-13;  Earth  fill,  per  cubic  yard. 
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TECHNICAL.  SPECIFICATION  NO.  2 
PLAIN  AND  REINFORCED  CONCRETE 

2-1.  DESCRIPTION:  The  work  covered  by  this  specification  includes 
the  furnishing  of  all  material,  except  as  may  be  otherwise  provided  in  the 
contract ;  equipment,  labor,  mixing  facilities,  constructing  forms,  transporting , 
placing  concrete  and  reinforcing  steel,  finishing,  curing,  removal  of  forms, 
etc. 

MATERIALS  j 

2-2  CEMENT:  Cement  used  shall  be  Portland  Cement,  which  shall 
conform  to  A.S.T.M.  serial  designation  C- 150,  type  1  cement.  Type  3 
cement  shall  be  used  when  high  early  strength  is  desired.  If  plans  specify 
Air  Entrain  Cement,  it  shall  conform  to  all  requirements  of  A.S.T.M., 
serial  designation  C-175,  for  type  B  cement. 

2-3.  CONCRETE  AGGREGATES:  Concrete  aggregates  shall  meet 
Missouri  State  Highway  Department  Specifications  for  Class  B  Concrete. 
Contractor  must  notify  the  engineer  in  writing  before  placing  any  concrete, 
the  source  from  which  he  expects  to  secure  above  aggregates. 

2-4.  WATER:  Water  used  in  mixing  concrete  shall  be  clean  and  free  from 
deleterious  amounts  of  acids,  alkalies  or  organic  materials,  and  shall  be 
approved  by  the  engineer. 

2-5.  PREMOLDED  JOINT  FILLER:  (A)  Self-expanding  cork;  This 
moterlal  shall  be  nonextruding  resilient  preformed  expansion  joint  filler. 

Material  shall  consist  of  clean  granulated  cork  particles  securely  bound  to- 
•  telhur  hy  an  insoluble  synthetic  resin,  needing  A.S.T.M.  specification  type 
2.  os  manufactured  by  Servicised  Products  Corporation,  6051  West  65th 
'•troel,  Chicago  38,  Illinois,  or  its  equivalent. 

It')  Asphalt  Joint  Filler:  This  material  shall  consist  of  a  composition  of 
«M>halt  and  vegetable  fiber,  formed  between  two  sheets  of  asphalt,  saturated 
'Hi  paper,  as  manufactured  by  Servicised  Products  Corporation,  or  its- 
equivalent . 

Joint  seal:  This  material  shall  be  hot-poured  rubberized  asphalt 
iomt  sealing  compound  that  forms  a  resilient,  adhesive  and  effective  plastic 
onj  maintains  bond  at  0°F.  Joint  seal  material  shall  be  hot-poured  para- 
pl.nllc  us  manufactured  by  Servicised  Products  Corporation,  or  its 
equivalent . 


Cost  ol  joint  filler  and  seal  materials  completely  installed  in  joints,  a  s 
indicated  in  specifications  and  as  shown  on  the  plans  shall  be  included  in 
thp  unit  price  bid  for  bther  items. 

2-t>.  METAL  REINFORCEMENT:  (A)  Metal  reinforcement  shall  conform 
<>  the  requirements  of  the  Standard  Specifications  for  Billet  Steel  Co  ncrete 
Mefntorcemcnt  Bars,  A.S.T.M.  serial  designation  A 15-39,  or  for  Standard 
•pecWcotlons  for  Rail  Steel  Concrete  Reinforcement  Bars,  A.S.T.M. 
lol  designation  A 16-35,  or  for  St  andard  Specifications  for  Axle  Steel 
<  oncreie  Reinforcement  Bars,  A.S.T.M.  serial  designation  A160-39. 

•  lit.  Welded  Wire  fabric  or  cold-drawn  wire  for  concrete  reinforcement 
d  nil  conform  to  the  requirements  of  the  Standard  Specifications  for  Cold- 
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drawn  Steel  Wire  Concrete  Reinforcement,  A.S.T.M.,  serial  designation 
A82-34,  or  Standard  Specifications  for  We  Ided  Steel  Wire  Fabric  for 
Concrete  Reinforcement,  A.S.T.M.,  serial  designation  A185-37. 

2-7.  Cements,  aggregates,  and  reinforcing  steels  shall  be  stored  at  the 
work  in  such  a  manner  as  to  prevent  deterioration  or  intrusion  of  foreign 
matter.  Any  material  which  has  deteriorated  or  which  has  been  damaged 
shall  not  be  used  in  the  construction  oh  this  project. 

2-8.  CONCRETE  QUALITY:  The  working  stresses  for  design  structures 
are  based  on  the  speciified  minimum  ultimate  28-day  compressive  strength  of 
the  concrete.  The  minimum  ultimate  28-day  compressive  strength  of  con¬ 
crete  used  on  this  project  shall  not  be  less  than  3,000  pounds  per  square 
Inch. 

2-9.  CONCRETE  PROPORTIONS,  PLACEMENT,  ETC.:  The  water 
cement  ratio,  the  proportions  and  consistency  of,  the  methods  of  placement, 
and  all  other  details  of  concrete  used  in  this  project  shall  meet  the  require¬ 
ments  of  the  St  andard  Specifications  of  the  Missouri  State  Highway 
Commission,  Edition  of  1961  for  Class  B  Concrete. 

2-10.  TEST:  If  requested  by  the  engineer ,  compression  test  specimens 
shall  be  made  during  construction  in  accordance  with  the  Standard  Method 
ol  Making  and  Curing  Compression  and  Flexure  Test  Specimens  in  the 
Pield,  A.S.T.M.  serial  designation  C31-44.  Each  test  shall  consist  of  two 
specimens. 

2-11.  CLEANING  AND  BENDING  REINFORCING  STEEL:  Metal  re¬ 
inforcement  at  the  time  concrete  is  placed  shall  be  free  from  rust  scale  or 
other  coatings  that  would  destroy  or  reduce  the  bond.  Bars  shall  be  bent 
told  as  indicated  by  bending  sketches  on  the  plans,  and  if  not  indicated  by 
bending  sketches,  bends  shall  be  in  accordance  with  Standard  Practice. 

2-12.  PLACING  REINFORCMENT:  Metal  reinforcement  shall  be  acturately 
placed  in  accordance  with  the  plans,  and  Bhall  be  adequately  secured  in 
position  by  use  of  wi  re  ties,  concrete  blocks,  or  metal  chairs  and  spacers. 
If  concrete  blocks  are  used  for  feupporting  reinforcement ,  they  shall  be 
precast  to  thickness  required,  using  mortar  of  the  same  proportions  to  be 
used  in  the  concrete  and  damp-cured  for  at  least  five  days  before  using. 
Dimensions  shown  o  n  the  plans  from  outside  face  of  concrete  are  to  center- 
line  of  bar. 

2-13.  SPLICING  REINFORCEMENT:  All  reinforcing  bars  shall  be  spliced 
at  exact  points  indicated  on  plans  and  lap  of  splice  shall  be  not  less  than 
thirty-two  (32)  times  the  diameter  of  the  bar  spliced,  or  thirty-two  (32) 
times  the  diameter  of  the  smaller  bar.  Bar  splices  at  points  of  critical 
stress  in  tension  will  not  be  permitted  and  any  revision  in  location  of  splices 
must  be  approved  by  the  engineer. 

2-15.  CONSTRUCTION  JOINTS:  Construction  joints  shall  be  located  in 

accordance  with  the  plans,  and  keys  provided  at  noted.  Construction  joints 
not  shown  on  the  plans,  must  be  approved  by  the  engineer,  however  no 
i 'instruction  joints  will  be  allowed  at  points  of  critical  shear  unless  provided 
•nr.  Before  continuing  next  pour,  construction  joints  shall  be  thoroughly 
cleaned  of  laitance  and  other  foreign  material  and  well  wetted  just  before 
commencing  pour.  At  least  two  (2)  hours  must  elapse  after  depositing 
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concrete  in  columns  or  walls  before  depositing  in  beams,  girders  or  slabs 
supported  thereon,  will  be  permitted. 

2-16.  EXPANSION  JOINTS:  Expansion  joints  shall  be  located  in  accord¬ 
ance  with  the  plans,  and  thickness  of  expansion  material  as  specified. 
Lxpansion  material  shall  be  stitched  to  one  fpce  of  the  concrete  with  copper 
wire  to  prevent  displacement  after  completion.  For  bevels  and  finish  at 
joint,  see  plan  details. 

2-17.  BASIS  OF  PAYMENT:  (A)  Payment  for  reinforced  concrete 
pavement  as  specified  in  the  spillway  area,  will  be  paid  for  under  Item  2-A; 
Spillway  Pavement  Reinforced,  per  square  yard. 

(O)  Payment  for  concrete  in-  all  inlet  and  outlet  structures,  and  anti-seed 
collars  will  be  paid  for  under  item  2-E3  ;  Class  B  Concrete,  per  cubic  yard. 
Payment  for  reinforcing  bars  required  in  the  construction  of  all  inlet  and 
outlet  structures,  and  anti-seed  collars  will  be  paid  for  under  Item  2-C; 

Re  Inlorcing  Steel  ,  per  pound. 
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TECHNICAL  SPECIFICATION  NO  .  3 
GALVANIZED  CORRUGATED  METAL  PIPE 


3-1.  DESCRIPTION:  This  item  consists  of  sections  of  pipe  plain  on 
c<«atod,  with  or  without  diaphragms,  tees,  elbows,  gates  or  other  fixtures 
ns  noted  on  the  plans.  Laid  on  a  firm  bed  with  properly  fitted  joints  and 
covered  or  back  filled,  and  compacted  to  not  less  than  ninety  percent  (90%) 
ot  maximum  dry  density.  Corrugated  metal  pipe  must  meet  the  requirement 
ol  the  Missouri  State  Highway  Department  Specification. 

3-2.  LAVING  PIPE:  Pipe,  or  pipe  and  fixtures  shall  be  carefully  laid  or 
placed,  true  to  lines,  grades  and  position,  as  shown  on  the  plans,  or  as 
direct -d  by  the  engineer.  Outside  laps  of  circumferential  pipe  joints  shall 
poi.'i  upstream,  and  pipe  shall  be  placed  so  that  longitudinal  laps  are  on  the 
wldos.  Pipe  shall  be  joined  in  the  field  by  butting  together  and  placing 
water  tight  coupling  bands,  as  hereafter  noted.  Guage,  size  of  pipe,  sequence 
<jt  placing  sections,  type  and  fixtures  shall  be  as  noted  on  the  plans. 

1-3.  FORMING  BED  FOR  PIFE  :  Trench  shall  be  excavated  to  the  re- 
guirod  depth  and  the  bottom  of  the  trench  shall  be  shaped  to  conform  to  the 
!«>ttom  ol  the  pipe  for  at  least  ten  percent  (10%)  of  its  overall  height,  and 
••ball  atlord  a  uniformly  firm  bed  throughout  the  bearing  length.  If  rock  is 
r-ncountored ,  the  trench  shall  be  excavated  six  (6)  inches  below  the 
"Horn  ol  the  pipe  and  back  filled  to  grade  with  suitable  material  thoroughly 
nniped  and  Shaped.  Any  soft  or  yielding  material  encountered  in  forming 
I'tue  bod  must  be  removed  and  replaced  with  suitable  material,  well  com- 
|uk  led  and  approved  by  the  engineer.  In  areas  whore  the  pipe  is  to  be 
ilfurd  through  or  unto  a  fill,  this  fill  must  be  placed  at  least  twelve  (12) 

•*h  h»»s  above  the  top  of  the  pipe,  and  then  trenched  and  the  bed  for  the 
l"U«>  loomed. 

»  •«.  COUPLING  BANDS:  Coupling  bands  shall  be  of  the  same  material 
.vd  <iuage  as  the  pipe  to  be  joined.  The  width  of  the  bands  will  be  not. 

•  ••nn  than  twelve  (12)  inches.  The  bands  will  be  placed  with  a  gasket  or 

•  material  as  required  to  make  a  water  tight  joint,  after  completion  of 
^mlng  the  pipe  with  the  coupling  bands.  Flat  head  rivets  must  be  used  in 
"hi  pipe  under  water  tight  bands. 

i  *>,  METHOD  OF  MEASUREMENT:  Measurement  of  corrugated  metal 
»••»>«*,  complete  in  place,  with  all  required  bands,  trenching  and  backfilling 
.•.ill  be  made  to  the  nearest  foot,  measuri  ng  along  the  centerline  of  the 
*■■»>»'  . 

10.  PAYMENT  FOR  PIPE  COMPLETE  IN  PLACE:  Including  coupling 
firulv  and  all  other  appurtenances  will  be  made  under  Item  3-A;  Twelve 
Corrugated  Metal  Pipe,  per  lineal  foot. 
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TECHNICAL  SPECIF ICATION  NO.  4 
FURNISHING  AND  PLACING  RIP  RAP 


4-1.  DESCRIPTION:  Rip  rap  shall  consist  of  constructing  a  protecting 
blanket  of  rock  or  broken  concrete,  in  areas  indicated  on  the  plans. 

4-2.  MATERIALS:  The  material  for  rip  rap  shall  be  durable  stone  or 
broken  concrete,  containing  a  combined  total  of  not  more  than  ten  (10) 
percent  of  earth,  sand,  shale  and  non-durable  rock.  It  is  preferable  that 
the  material  contain  a  large  percentage  of  pieces  as  large  as  the  thickness 
of  the  blanket  will  permit,  with  enough  smaller  pieces  of  various  sizes  to 
fill  the  larger  voids.  At  least  fifty  (50)  percent  of  the  mass  shall  be  of 
pieces  having  a  volume  of  one- half  cubic  foot  or  more. 

4-3.  The  material  shall  be  obtained,  hauled  and  deposited  in  areas  indicated 
on  the  plans.  The  rock  or  broken  concrete,  shall  be  placed  to  the  prescribed 
thickness,  elevation  and  extent  indicated  on  the  plans,  and  manipulated  so 
that  most  of  the  flat  sides  are  in  contact;  thereby  eliminating  large  voids. 

The  outside  of  the  rip  rap  shall  present  an  appearance  free  from  segregation 
and  without  a  proportionate  amount  of  the  larger  pieces  showing  . 

4-4.  METHOD  OF  MEASUREMENT :  Me  asurement  will  be  made  to  the 
noarest  cubic  yards  of  material  in  place,  at  the  completion  of  the  rip  rap. 

4-5.  L3ASIS  OF  PAYMENT :  Payment  for  all  materials,  equipment  and 
labor  necessary  to  furnish  and  place  rip  rap,  will  be  paid  for  under  Item 
4-A;  Furnishing  and  Placing  Rip  Rap,  per  cubic  yard. 
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TECHNICAL  SPECIFICATION  NO.  5 
TRASH  BARRIER 
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5-1.  DESCRIPTION:  This  item  of  work  shall  consist  of  furnishing  all 
materials,  labor,  equipment,  fittings,  etc.,  as  may  be  required  to  properly 
construct  a  trash  barrier  in  accordance  with  the  plans  at  the  locations  in¬ 
dicated.  Both  workmanship  and  materials  shall  be  free  from  defect  and 
constructed  so  as  to  properly  perform  the  function  desired. 

5-2.  MATERIALS: 

(A).  Corner  posts  shall  be  2  t/2  inches  in  diameter  x  6  feet  0  inches 
galvanized  pipe  with  cap  set  in  two  (2)  feet  of  concrete.  The  concrete 
shall  have  a  diameter  of  not  less  than  fifteen  (15)  inches.  Posts  shall 
be  constructed  in  such  a  manner  as  to  allow  for  the  proper  fastening  of 
the  wire  fabric  and  top  rail . 

(□),  Line  posts  shall  be  two  (2)  inches  in  diameter  x  6  feet-  0  inches 
galvanized  pipe  with  loop  cap  at  front,  and  sides.  The  line  posts  shall 
bo  set  two  (2)  feet  into  the  ground.  Post  shall  provide  for  the  proper 
attachment  of  the  wire  fabric  and  top  rail. 

(C) .  The  lop  rail  shall  be  1  5/8  inches  in  diameter  galvanized  pipe  of  the 
length  required  by  the  plans.  The  top  rail  shall  have  all  the  necessary 
tilling  to  permit  attachment  to  the  corner  posts  and  line  posts  as  indicated  on 
tho  plans. 

(D) .  The  wire  fabric  portion  of  the  trash  barrier  shall  be  nine  (9)  guage 
chain  link  galvanized  fabric  fence,  forty-eight  (48)  inches  high.  The 
contractor  shall  be  required  to  furnish  all  ties,  railcnd  fittings,  end  bands, 
tonyion  bands  and  tension  required  for  the  proper  construction  of  the  trash 
harrier . 

5-J.  1  IASIS  OF  PAYMENT:  Trash  barrier,  including  all  materials, 
equipment ,  labor  and  related  appurtenances  shall  be  paid  for  ,  complete 
In  place,  under  Item  5-A,  Trash  Barrier,  Lump  Sum. 
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Missouri  Conservation  Coni  mission 


Highway  50  West  Telephone  636-8  I  t  l 

Jefferson  City,  Missouri  6510?. 


Se&Actti x  (^zccCax^A 


'X 1 1.I.IAM  I  low  I  I.I..  Diu-Ctoi 


MMISSION  E  RS 


\RT  H.  BURCH 
MaryvilU 


R.  T*r'nit,  SR. 

Jtlltfion  City 


BEN  CASH 
Ktnnett 


RU  L.  PIPPI N 

-  Woyntivlll* 


December  10 ,  1%3 


Mr.  Howard  E.  Scott,  Director 
Parks  ami  Ret  reat  ion 
Jefferson  City  Park  Board 
1203  West  Dunklin 
Jefferson  City,  Missouri 


Dear  Mr .  Scott : 


For  the  lake  we  have  been  discussing  in  Hough  Park  of  11 
acres,  with  an  83  acre  watershed,  the'  total  volume  of 
runoff  from  a  1  in  50  year  storm  would  be  approximately 
28  acre- feet. 


1  don’t  have  the  storage  capacity  figures  for  this  lake, 
but  a  28  acre-feet  flood  would  raise  the  lake  level  above 
the  spillway  crest  2  to  3  feet.  I  would  suggest  that  you 
use  a  3  foot  crest  In  this  case.  In  addition,  you  should 
have  a  25  foot  emergency  dirt  spillway  cut  in  one  of  the 
abutments.  The  emergency  spillway  crest  could  have  a 
crest  at  3  feet  above  the  main  spillway  crest. 


In  add!  Lion,  the  iiiin  spillway  could  he  si/.ed  to  drain  the 
28  acrc-foot  flood  in  2  days  -  this  would  he  a  sustained 
flow  of  approximately  69  c.f.s.  thru  the  spillway. 


T  would  suggest  that  you  plan  on  a  total  of  a  5  foot  free¬ 
board  above  the  main  spillway  crest  wliii.li  would  allow  a 
50  year  storm  to  he  stored,  plus  an  additional  2  foot 
emergency  freeboard  for  flow  thru  the  dirt  spillway. 


Sincerely , 


i  '  /•<)<  (■ 


I 


Charles  E.  Hooker,  Jr. 
Chief  Engineer 


CF.I1  :ss 

cc :  William  E.  Towel! 
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HYDRAULICS  AND  HYDROLOGIC  DATA 


Design  Data:  From  Contract  Drawings 

experience  Data:  No  records  are  available.  The  caretaker 
stated  that  the  lake  had  difficulty  filling,  and  water  is 
pumped  from  a  well  to  supplement  the  runoff.  The  apparent 
high  water  mark  is  about  2.0  ft  above  primary  spillway 
elevation  (135.0  ft).  The  caretaker  doesn't  recall  water 
ever  flowing  over  the  emergency  spillway. 

Visual  Inspection:  At  the  time  of  inspection,  the  pool 
level  was  about  at  normal  pool  (elev.  135.0). 

Overtopping  Potential:  Flood  routings  were  performed  to 
determine  the  overtopping  potential.  Since  the  dam  is  of 
intermediate  size  with  a  high  hazard  rating,  a  spillway 
design  storm  of  100  percent  PMF  was  prescribed  by  the 
guidelines.  The  watershed  drainage  area  was  obtained  by 
planimeter  from  U.S.G.S.  7.5  minute  Jefferson  City,  MO 
quadrangle  map.  The  reservoir  surface  area  was  obtained  by 
planimetering  the  reservoir  layout  on  construction  plans. 

The  storage  volume  was  developed  from  this  data. 

A  5  minute  interval  unit  graph  was  developed  for  the 
watershed  which  resulted  in  a  peak  inflow  of  362  c.f.s.  and 
a  time  to  peak  of  10  minutes.  Application  of  the  probable 
maximum  rainfall,  minus  losses,  resulted  in  a  flood  hydro¬ 
graph  peak  inflow  of  1769  c.f.s.  Rainfall  distribution  for 
the  24  hour  storm  was  according  to  EM  1110-2-1411. 

Considering  all  factors,  the  combination  of  dam,  spill¬ 
way  and  storage  is  not  sufficient  to  pass  the  PMF  without 
overtopping  the  embankment.  The  crest  elevation  of  139.5  ft 
would  be  overtopped  by  0.68  ft  at  flood  pool  elevation 
140.18  ft. 


Fifty  percent  of  the  PMF  was  routed  through  the  spill¬ 
way  and  reached  a  pool  elevation  of  139.63  ft,  which  is  0.13 
ft  above  the  crest.  The  portion  of  the  PMF  that  will  just 
reach  the  top  of  dam  is  about  47  percent,  which  is  greater 
than  the  100-year  flood  event.  For  additional  information, 
see  the  Summary  of  Dam  Safety  Analyses  on  Sheets  3  and  4. 
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OVERTOPPING  ANALYSIS  1-OR  Hough  Park  Dam 
INPUT  PARAMETERS 

1.  Unit  Hydrograph  -  SCS  Dimensionless  -  Flood  Hydrograph 

I’ackage  (HEC-1)  ;  Dam  Safety  Version 
Was  Used. 

Hydraulic  Inputs  Arc  As  Follows: 

a.  Twenty- four  Hour  Rainfall  of  2 5  Inches 
For  200  Square  Miles  -  All  Season  Envelope 

b.  Drainage  Area  =  90  Acres;  =  0.14  Sq.  Miles 

c.  Travel  Time  of  Runoff  0.24  1 1  r  s  .  ;  Lag  Time  0.14  llrs. 

d.  Soil  Conservation  Service  Runoff  Curve  No.  80  _(AMC  III) 

e.  Proportion  of  Drainage  Basin  Impervious  0.15 
-2.  Spillways 

a.  Rating  Curve  for  Primary  Spillway:  By  Hanson  Engineers 

b.  Emergency  Spillway 

Length  28  Ft.;  Side  Slopes  5:1  ;  C  =  2.65 

c.  Dam  Overflow 

Length  585  Ft.;  Side  Slopes  Vert ical  C  =  3.C 

Note:  Combined  Spillway  and  Dam  Rating  Data  Provided  To 

Computer  on  Y4  and  Y5  Cards. 

SUMMARY  OF  DAM  SAFETY  ANALYSIS 

1.  Unit  Hydrograph 

a.  Peak  -  562  c.f.s. 

b.  Time  to  Peak  10 _  Min. 

2.  Flood  Routings  Were  Computed  by  the  Modified  Puls  Method 
a.  Peak  Inflow  (see  Sheet  6) 

501  PMF  884  c.f.s.;  100$,  PMF  1769  c.f.s. 
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b.  Peak  Elevation 

50*  PMF  159.6  5  100?o  PMF  140.18 

c.  Portion  of  PMF  That  Will  Reach  Top  of  Dam 

47  % ;  Top  of  Dam  Flev.  159.5  Ft. 

Computer  Input  and  Output  Data  Sheets  _5 _ and  j>_ 
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HOUGH  PARK  DAM  (MAXIMUM  PROBABLE  FLOOD)  OUTPUT  DATA 


PEAK  FLOW  AMD  STORAGE  (END  OF  PERIOD)  SUMMARY  FOR  MULTIPLE  PLAN- 
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Aerial  View  of  Lake  and  Watershed 


Aerial  View  of  Dam 
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